The antifungal susceptibility pattern of 302 Candida isolates collected during an Italian survey on invasive fungal infections in an intensive care setting was investigated. The results were correlated with some epidemiological data and compared with the antifungal profiles obtained in a previous survey. No resistance to echinocandins was detected. The overall resistance levels to fluconazole, posaconazole and voriconazole were 12.6, 6.0 and 7.1 %, respectively. Candida tropicalis and Candida parapsilosis accounted for more than half of all the fluconazole resistant isolates. Reduced susceptibility to fluconazole is not uncommon among isolates (12.3 %) and appears to be increasing, particularly among C. parapsilosis isolates, which showed an increase in resistant isolates from 2 % in the 1990s to 25.8 % in the present study. Routine antifungal susceptibility testing of this species is therefore recommended.
INTRODUCTION
Despite the increased awareness of Candida as an important pathogen for intensive care unit (ICU) patients, candidaemia and invasive candidiasis continue to be significant problems in this patient population (Kett et al., 2011; Pappas & Mycoses Study Group, 2011) . A recently published 1-day multicentre point prevalence study, involving 14 414 adult patients that were hospitalized in one of 1265 participating ICUs in 76 countries, reported 99 patients with Candida bloodstream infection (BSI) with a prevalence rate of 6.9 cases per 1000 patients and a crude mortality rate of 42.6 % (Kett et al., 2011) . These data are consistent with the results of a recent Italian survey reporting 318 invasive Candida infections, 276 of which were BSIs, diagnosed in ICU patients (Tortorano et al., 2012) . In this survey, fluconazole monotherapy was the dominant antifungal treatment, given to 63 % of the patients, followed by lipid-based amphotericin B (given to 18 % of patients), caspofungin (given to 7 % of patients) and voriconazole (given to 6 % of patients).
In the present study we investigated the antifungal susceptibility pattern of 302 invasive Candida isolates collected during this Italian survey and compared the results with some epidemiological data and antifungal profiles that were obtained in a previous survey.
METHODS
Between May 2006 and April 2008, a prospective sequential survey of invasive fungal infections was conducted in Italy involving 38 ICUs of 27 Italian hospitals (Tortorano et al., 2012) . All cases of invasive candidiasis with available isolates were selected for this analysis.
Isolates. A total of 302 Candida isolates obtained from blood or other normally sterile body sites of 295 patients (the first isolate from each episode) were studied. A mixed infection was reported in seven cases.
The strains, received by the coordinating centre of the survey, were subcultured on Chromagar Candida medium (CHROMagar) to ensure viability and purity. The identification of the yeast was checked by determining production of germ tubes in serum, examining morphology on potato-carrot-ox gall agar and analysing the biochemical patterns by using ID 32 test strips (bioMérieux). Isolates were stored as suspensions in distilled water at room temperature until needed. (CLSI, 2008) . Stock solutions of the antifungals fluconazole, flucytosine, caspofungin and micafungin were prepared in water and stock solutions of voriconazole, posaconazole, anidulafungin were prepared in DMSO (Sigma). Testing was conducted in RPMI 1640 medium without sodium bicarbonate (Sigma), which was buffered to pH 7.0 with 0.165 M MOPS (Sigma) and supplemented with 0.03 % Lglutamine (Sigma). All tests were performed in duplicate. The MICs of each antifungal for each isolate were determined visually as the lowest concentration of drug that caused a significant reduction (¢50 % inhibition) of growth compared to control growth. Susceptibility to amphotericin B was determined using Etest strips (bioMérieux) on antibiotic medium 3 (Difco). Candida parapsilosis ATCC 22019 and Candida krusei ATCC 6258 were used as quality control strains.
The species-specific breakpoints recently revised by CLSI were used to identify Candida strains that were resistant to anidulafungin, micafungin and azoles (Pfaller et al., 2010 (Pfaller et al., , 2011a . Candida albicans, Candida tropicalis and C. krusei isolates were considered resistant to anidulafungin and micafungin in cases of MICs ¢1 mg l 21 ; C. parapsilosis was considered resistant to these antifungals in cases of MIC ¢8 mg l 21 . Candida glabrata isolates were considered resistant to anidulafungin and micafungin in cases of MIC ¢0.5 mg l 21 and MIC ¢0.25 mg l 21 , respectively (Pfaller et al., 2011b) . A breakpoint MIC of ¡2 mg l 21 was used to identify caspofungin susceptible isolates (Pfaller et al., 2008) . C. albicans, C. tropicalis and C. parapsilosis were categorized as fluconazole resistant in cases of MIC ¢8 mg l 21 ; C. glabrata was categorized as fluconazole resistant in cases of MIC ¢64 mg l 21 ; and all C. krusei isolates were considered as fluconazole resistant. On the basis of the recently revised clinical breakpoints for voriconazole, C. albicans, C. tropicalis and C. parapsilosis were considered resistant in cases of MIC ¢1 mg l 21 and susceptible dose-dependent in cases of MIC 0.25-0.5 mg l 21 , while C. krusei was considered resistant to voriconazole in cases of MIC ¢2 mg l 21 (Pfaller et al., 2011a) . According to this study, due to insufficient data to demonstrate a correlation between in vitro susceptibility testing and clinical outcome for C. glabrata, the epidemiological MIC cut-off value of ¢1 mg l 21 was used to detect resistance in this yeast (Pfaller et al., 2011a) . Resistance breakpoints for voriconazole were used as an indicator of resistance for posaconazole. An MIC .16 mg l 21 was considered indicative of resistance to flucytosine (CLSI, 2008) and an MIC ¢1 mg l 21 was considered indicative of resistance to amphotericin B according to Etest manufacturer suggestions.
MIC profiles were analysed and correlated with data collected during the epidemiological study (Tortorano et al., 2012) . The antifungal susceptibility patterns were compared with resistance data from a previous survey on candidaemia conducted in Italy in the 1990s (Tortorano et al., 2003 (Tortorano et al., , 2005 after stratification according to the new breakpoints.
The x 2 -test was used to compare proportions and a value of P,0.05 was considered statistically significant.
RESULTS AND DISCUSSION
The distribution of MIC values for triazoles and echinocandins is shown in Table 1 .
The overall proportions of isolates that were resistant to posaconazole, voriconazole and fluconazole were 6 % (18/ 294), 7.1 % (21/294) and 12.6 % (37/294), respectively; in addition to the six intrinsically fluconazole-resistant C. krusei isolates, nine C. albicans (5.3 %), three C. glabrata (9.7 %), 13 C. parapsilosis (22.4 %), and six C. tropicalis (22 %) isolates were also found to be resistant to this azole. Cross resistance to the other triazoles was detected in six out of the nine fluconazole-resistant C. albicans isolates. Six C. glabrata isolates, five C. tropicalis isolates and one C. krusei isolate were found to be resistant to voriconazole, and eight C. glabrata and four C. tropicalis isolates were resistant to posaconazole.
No resistance to echinocandin drugs was detected among the 302 Candida isolates using the new species-specific breakpoints for anidulafungin and micafungin (Pfaller et al., 2011b) and the interpretative MIC breakpoints for caspofungin proposed by Pfaller et al., (2008) . These caspofungin breakpoints were adopted for the elevated MIC values obtained with this drug in our study. The reasons for these elevated MICs could be attributable to the quality of the batch and/or to the choice of solvent used for stock solutions as already reported by another study (Arendrup et al., 2011b) , in which the authors noticed that, despite water being recommended as a solvent by CLSI, from a chemical point of view this drug is more soluble in DMSO (Arendrup et al., 2011b) .
Resistance to flucytosine (MIC .16 mg l
21
) was detected in 2 % of the isolates, including two isolates of C. albicans, two of C. tropicalis, one of C. krusei and one of C. lusitaniae, and all the tested isolates showed an MIC ,1 mg l 21 of amphotericin B. On the contrary, as reported in other recent surveys (Pfaller et al., 2011b; Arendrup et al., 2011a; Lockhart et al., 2011) , we demonstrated that cases of decreased susceptibility to fluconazole were frequent and increasing. Overall, the median rate of cases of fluconazole resistance in the 11 centres reporting at least ten episodes of deep-seated Candida infection was 17.8 %, with proportions of cases ranging from 4.3 to 28.6 %.
The comparison of the rates of resistance found in the present study with those reported in a previous survey on candidaemia using Candida strains isolated in Italy in 1997-1999 (Tortorano et al., 2003 (Tortorano et al., , 2005 , after a stratification of resistance according to the recently adopted breakpoints, revealed a significant increase in the proportion of isolates with decreased susceptibility to fluconazole from an overall rate of 6.6 % in the 1990s to 12.6 % in 2007-2008 (P50.004 ). This trend is not attributable to a change in species distribution as the proportion of nonalbicans aetiologies remained stable over the 10-year period of 1997-2008 (41 % vs 44 %), but it seems to be due to an increase in resistant isolates of species previously considered to be highly susceptible, such as C. parapsilosis. While the fluconazole resistance rate among C. albicans isolates was similar between the two time periods (5.3 % vs 6.7 %), the fluconazole resistance rate among non-albicans Candida isolates was significantly higher in the more recent survey (22.9 % vs 6.5 %; P,0.001).
C. tropicalis and C. parapsilosis accounted for more than half of all fluconazole resistant isolates in the present survey (19/37) and the proportion of the resistant isolates increased over the 10-year period of 1997-2008 from 7 to 22 % (P50.127) and from 2 to 25.8 % (P,0.001) for C. tropicalis and C. parapsilosis, respectively. However, the data concerning C. parapsilosis may be biased by the elevated fluconazole MIC values (8 and 16 mg l 21 ) of the strains isolated during an outbreak that occurred in one centre. If the susceptibility data of the nine outbreak isolates are excluded from the analysis, 8.2 % of the isolates showed resistance and the increase in the proportion of resistance compared to the survey of the 1990s is not statistically significant. Fluconazole resistance among C. parapsilosis isolates is not a rare event and appears to be increasing worldwide, as noted by the SENTRY Antimicrobial Surveillance Program (Pfaller et al., 2011c) .
The resistance to fluconazole but not to the echinocandins that was observed in our survey was considered a consequence of increased drug use to combat this species, resulting from the recommendations of the Infectious Diseases Society of America; therefore, a close monitoring of this species in the future has been strongly recommended (Pfaller et al., 2011c) . In 10 out of 23 patients receiving fluconazole prophylaxis, a resistant isolate caused a breakthrough infection, providing further evidence that *Other species include C. lusitaniae (4 isolates), C. guilliermondii (2), C. kefyr (1) and C. dubliniensis (1).
Antifungal susceptibility of invasive Candida isolates prior exposure to the antifungal is associated with the risk of isolates developing a resistance. In our survey, no patients had been previously exposed to echinocandins and this may be the reason why resistance was not detected.
Fluconazole resistance seems to be more frequently acquired outside the ICU setting, even if not statistically significant, as it occurred in 27 out of 257 (10.5 %) infections that were considered to be ICU-acquired and in 7 out of 45 (15.5 %) infections that were already present at admission.
Resistance appeared to be associated with high mortality rates. The crude mortality rate in patients infected by nonsusceptible isolates was 60.5 % compared to an overall crude mortality rate detected during the survey of 46 %, however the difference was not statistically significant (P50.179).
In conclusion, this 2-year survey has revealed that, while resistance to echinocandins and amphotericin B is irrelevant, fluconazole resistance seems to be an important problem in the Italian ICU setting, and the problem relates not only to intrinsically resistant species but also to isolates of species that were previously considered to be susceptible, such as C. parapsilosis. Routine antifungal susceptibility testing of this species is therefore recommended.
Since MIC breakpoints are continuously evolving it would be useful for susceptibility results to be published as MIC distribution rather than as synthesized data in order to enable retrospective comparison or comparison with results of different studies.
